cytokine production. The mechanism appears to be mediated by the distinct binding of Nck and Vav to the conserved proline motif. Surprisingly, Nck binds via its SH2 domain, while Vav is assumed to be recruited by its SH3 domains.
In general, I found the hypothesis to be intriguing but too preliminary in its present form to be conclusive.
1. It would be important to show that human CD28 expressed in a mouse T cell induces proinflammatory cytokines and vice versa. This is important to establish the basic phenomenon as the alternative hypothesis is that this can be explained by differences in the antibody. 2. Reconstitution of the CD28 negative Jurkat does not show the level of CD28 expression in the untransfected cell line, only the antibody control is shown. 3. If this is a specific effect on pro inflammatory cytokine, why is there also a defect in NFAT and IL2 production? 4. Again, the data showing distinct complexes formed with human vs mouse CD28 needs more work. Vav binds to both mouse and human but GRB2 binds only to mouse and not human Lastly, Nck binds to human but not mouse. Does the addition of proline to mCD28 recapitulate the phenotype, meaning loss of GRB2 binding and addition of NCK binding in mouse cells? 5. The images in figures 6 is not completely convincing. The image of the chimera CD28A210P looks like minimal recruitment. Why doesn't it reconstitute similar to human if this is the only difference in the sequence? The NCK recruitment images look much more convincing. 6. The idea that CD28 binds to the NCK SH2 domain would require that the tyrosine in the proline motif be phosphorylated. Is there any evidence for this? Also, the data suggests that Vav and NCK are competing for the same binding site. Could differences in the amount of both proteins in mouse and human cells be a potential explanation for differential binding? The assumption is that this mediated by the VAV SH3 domain but this isn't shown. Another important control would be to show that the SH3 domains of NCK are "not" mediating the recruitment.
Point by point reply to reviewers' comments
We are grateful to the reviewers for their suggestions and advices to improve several aspects of the manuscript. We have carefully addressed their critical comments and we hope that our corrections satisfy their requests. We agree with the reviewer that mAbs from different species may exhibit differential antibody affinities and binding epitopes. However, the anti-CD28 mAbs used in human and mouse cell experiments recognize similar epitopes. Indeed, agonistic anti-human CD28.2 and anti-mouse 37.51 recognize an epitope close to the binding site for the natural CD80/CD86 ligands, whereas superagonistic human ANC28.1 and mouse D665 SAbs bind to the laterally exposed C"D loop. The differential effects observed on pro-inflammatory cytokine expression between the two species have been also observed by other groups (see references N. 7, 8, 9, 10, 11, 13, 14) and cannot be related to different antibody affinities, since we observed that agonistic human CD28.2 and mouse 37.51 were able to co-stimulate TCR-induced IL-2 expression at a similar extent (see new Figure 1i ). Moreover, human ANC28.1 and mouse D665 SAbs equally expand Treg cells (Fig. 2a) . To further evaluate the stimulating properties, we also looked at the ability of human and mouse CD28 to recruit the p85 regulatory subunit of class 1A PI3K following stimulation with either CD28.2 or 37.51 agonistic Abs and we found a similar extent of recruitment (see new supplementary Figure  9a ). These data have been better discussed in the results section. Finally, to confirm that the ex-vivo data in primary human and mouse T cells were related to different qualitative signaling abilities of CD28, we generated a mouse CD28 mutant containing an A210P substitution to restore the human YAPP sequence within the C-terminal proline rich motif of mouse CD28. The stimulation of CH7C17 Jurkat cells expressing mCD28A210P with agonistic 37.51 or superagonistic D665 Abs (new Fig. 4 ), strongly increased NF-κB transcriptional activity (Fig. 4i ), tyrosine phosphorylation ( Fig. 4l ) and cytokine gene expression (Fig 4m) .
Point 2. Reviewer. The authors have shown that P212A mutation in human CD28, which represents the natural variant in mouse CD28, attenuates CD28-induced cytokine production in Jurkat cells. But there are other sites different between human and mouse CD28 intracellular domains which may also contribute to differential CD28-induced signaling that the authors completely ignore. It would be important to know if the A210P mutation in mouse CD28 is a gain-of-function.
Response: As specified before (point 1), we restored the human YAPP sequence within the Cterminal proline rich motif of mouse CD28, by generating a mCD28 mutant containing the A210P substitution. The stimulation of CH7C17 Jurkat cells expressing mCD28A210P with agonistic 37.51 or superagonistic D665 Abs (new Fig. 4 ), strongly increased NF-κB transcriptional activity ( Fig. 4i ), tyrosine phosphorylation ( Fig. 4l ) and cytokine gene expression (Fig 4m) . Figure 10 of the revised manuscript, clearly demonstrate a pivotal role of actin polymerization in CD28-induced pro-inflammatory cytokine gene expression (Fig. 10c-e) as well as in CD28-mediated signaling regulating TCR/CD3-induced IL-2 gene expression (Fig. 10f) and NF-AT transcriptional activity (Fig.10g) . Altogether these data demonstrate a pivotal role of actin polymerization in CD28-mediated signaling. + T cells and we analysed CD28-induced NF-κB activity (new Fig. 10a ) and IL-8 gene expression (new Fig. 10b ). The strong impairment of both NF−κΒ (Fig. 10a) and IL-8 gene expression (Fig. 10b) We apologize for the misunderstanding, but all data on IL-2 mRNA gene expression were performed at 6 h from stimulation, as indicated in the legend to figures. To better clarify this point, and according to the reviewer's suggestions, we performed the analysis of cytokine gene expression at longer time points, in human CD4 + T cells stimulated with agonistic or superagonistic anti-CD28 Abs. As reported in the new Supplementary Fig. 1 , almost cytokines reached a peak of expression after 6 h and return to a basal level after 24 h from stimulation ( Supplementary Fig. 1a-c) . By contrast, TNFα expression peaked at 1 hour and returned to a basal level after 6 hours from stimulation (Supplementary Figure 1d) .
Reviewer #2 Point 1. Reviewer: It would be important to show that human CD28 expressed in a mouse T cell induces pro-inflammatory cytokines and vice versa. This is important to establish the basic phenomenon as the alternative hypothesis is that this can be explained by differences in the antibody.
Response: We thank the reviewer for the helpful suggestions. We have already shown that mCD28 was not able to induce any pro-inflammatory cytokine gene expression when expressed in human Jurkat cells (see Supplementary Fig. 4d-f) . According to the reviewer's suggestion, we also expressed human CD28 in EL-4 mouse T cell lines and we analysed cytokine gene expression following stimulation with agonistic (CD28.2) or superagonistic (ANC28.1) anti-CD28 Abs. As shown in Supplementary Fig. 4 , stimulation of EL-4 cells with anti-human CD28 Abs efficiently up-regulated IL-6 (g) gene expression.
Point 2. Reviewer: Reconstitution of the CD28 negative Jurkat does not show the level of CD28 expression in the untransfected cell line, only the antibody control is shown.
Response: According to the reviewer's suggestion, we added the FACS analysis of CD28-negative CH7C17 Jurkat T cell line stained with phycoerythrin (PE) conjugated isotype matched (Iso PE) or anti-CD28 (CD28 PE) Abs (see new Fig. 3b ).
Point 3. Reviewer: If this is a specific effect on pro inflammatory cytokine, why is there also a defect in NFAT and IL2 production?
Response: The pivotal role of Nck and actin polymerization in TCR/CD28-mediated signal transduction and activation has been extensively described by several groups (see for review reference N. 20, 22, 25, 42, 43) . Thus, the impairment of Nck recruitment by P212A mutant likely affects NF-AT transcriptional activity. The new results on the inhibitory effects of Nck R311Q mutant or cythocalasin D on TCR/CD28-induced NF-AT activation and IL-2 gene expression (see new Fig. 10 ) confirm these data.
Point 4. Reviewer: Again, the data showing distinct complexes formed with human vs mouse CD28 needs more work. Vav binds to both mouse and human but GRB2 binds only to mouse and not human Lastly, Nck binds to human but not mouse. Does the addition of proline to mCD28 recapitulate the phenotype, meaning loss of GRB2 binding and addition of NCK binding in mouse cells?
Response: We agree with the reviewer that the characterization of CD28, Vav, Nck and Grb2 complexes require more biochemical experiments and a detailed proteomic work that needs longer time. Indeed, YAPP sequence is an abundant phosphotyrosine site that, as recently demonstrated by Tian at al., has the ability to bind several distinct signaling proteins following CD28/B7 interaction (Tian et al. Proc Natl Acad Sci USA 2015). Thus, the clarification of the nature of CD28/Nck/Vav1 complexes requires the generation of different mutated constructs and a deeper analysis of binding stoichiometry that we are doing. We believe that the ex-vivo data on the loss of CD28/Nck binding in primary T cells together with confocal results and the new data on the dominant effects of Nck mutated in its SH2 domain strongly support a role of the YAPP sequence in recruiting Nck and in mediating the differential costimulatory activities of CD28 in human and mouse. For these reasons, we prefer to concentrate our work on Vav1 and Nck.
Point 5.

Reviewer: The images in figures 6 is not completely convincing. The image of the chimera CD28A210P looks like minimal recruitment. Why doesn't it reconstitute similar to human if this is the only difference in the sequence? The NCK recruitment images look much more convincing.
Response: The statistical analyses performed on CD28WT, chimera CD28WT and chimera CD28A210P conjugates indicate a strong significant decrease (p < 0.01) of Nck (75%), Vav (70%) and F-actin (65%) in Chimera CD28WT compared to hCD28WT. By contrast, no significant differences were observed in Chimera CD28A210P. We added the RRI mean values for each group in the legend to Figures 6 and 7 . Moreover, we also performed a further analysis by co-expressing Vav and Nck in hCD28, Chimera CD28WT and Chimera CD28A210P. The results in the new Supplementary Fig. 7 , confirmed the lack of co-recruitment of Nck and Vav in Chimera CD28WT, but not in Chimera CD28A210P. To clarify this issue, we performed further experiments by expressing Vav1 and Nck alone or in combination and we analysed their association with CD28. Although, either Vav1 or Nck were able to associate with human CD28 when expressed alone ( Supplementary Fig. 8a, b) , CD28 preferentially bonds to Nck when both Nck and Vav1 were coexpressed ( Supplementary Fig. 8c ). We believe that these results, together with the confocal data showing that an intact SH2 domain of Nck, but not Vav1, was required for actin polymerization, Nck and Vav1 recruitment (Fig. 8, 9 ), and the new data on the inhibitory effects of Nck SH2 mutant on CD28-mediated pro-inflammatory and costimulatory signaling properties (Fig. 10) , support a role for the SH2 domain of Nck in linking human CD28 to the cytoskeleton reorganization events necessary for the activation of downstream signaling pathways and biological functions. Immunol. 2015) . According to the reviewer's suggestions, we performed biochemical-coprecipitating experiments by using either a Vav1 mutant lacking all the SH3 and SH2 domains or a Nck mutant in its SH3.3 domain. In contrast to data from Barda-Saad, we did not observe any variation in the amount of Vav1 co-precipitating with Nck, as shown in the Fig.1 for referee use only (RFig1). Since, we cannot exclude technical limits of the co-precipitation experiments especially because both Vav1 and Nck contain several binding domains that may interact each other when the proteins are overexpressed, we prefer just discuss these alternative possibilities without showing contrasting data. 
